Introduction
Malaria is a climate-sensitive protozoan disease caused by parasites of Plasmodium genus, which is transmitted among humans through bites of infected female Anopheles mosquitoes 1, 2, 3 . The term malaria originated from the medieval Italian term "mala aria" which means "bad air". The disease was formerly called ague or marsh fever due to its association with swamp and marsh land 4 .
There are five different types of parasites that infect humans: P. falciparum, P. vivax, P. ovale, and P. malariae of which P. falciparum and P. vivax 5, 6 . An estimated 3.2 billion people are at risk of malaria world-wide resulting in 438,000 deaths annually 7 . Malaria is hyper-endemic with a crude parasite rate of 10-70 percent and Plasmodium falciparum is the most highly virulent type responsible for almost all of 1.7-2.5 million deaths worldwide 8 . In a non-immune individual, symptoms usually appear 10-15 days after the infective mosquito's bite and may include fever, headache, chills, vomiting, severe anemia, and cerebral malaria 6 . In December 2016, WHO reported that about 212 million cases of malaria and 429,000 cases of deaths were caused by malaria in 2015 9 . The most endemic area has been the Sub-Saharan Africa sub-region; 85-90 percent of the world's deaths occur in this region. According to World Malaria Report 2016, malaria financing totalled US$ 2.9 billion in 2015 and is even estimated to increase substantially to US$ 6.4 billion if the Global Technical Strategy for Malaria 2016-2030 milestone is to be attained by 2020 10 . Malaria is the leading cause of morbidity and mortality in Ghana and is reported to be responsible for over one third of all outpatient cases noted each year. In this regard, 20 to 30 percent of deaths in children younger than five years of age and 11 percent of maternal deaths were reported 11 . According to the Ministry of Health, it is estimated that 10.6 percent of the loss of Disability Adjusted Life Years (DALYs) in Ghana are due to malaria, which cost about 6 percent of GDP annually in economic burden 12 . Agriculture is the bedrock of Ghana's economy, but the formal and informal sectors suffer loss of labor forces and products due to malaria illness 13 . The situation affects school attendance of children and formal workers who lose a lot of their working hours as a result of malaria infections.
Although it has become the major public health issue in Ghana, the economic burden of the rural and urban folks caused by this disease cannot be estimated. Most people in the rural communities live in unplanned settlements with inappropriate waste generation and disposal systems. This in turn, results in poor and choked drainage systems and creates numerous places for mosquitoes to breed. Climate change and variability have exacerbated these environmental conditions, heavy rainfalls and increasing temperatures further supported mosquito breeding and malaria prevalence 14 . Other environmental factors such as the presence of bushes and stagnant water around homes, low altitude, and high temperatures are favorable for the breeding of malaria vectors as well as parasite reproduction within them 15 .
Climate change may also cause floods that may leave pockets of water, which will serve as suitable breeding grounds for mosquitoes and other water related diseases. Reduction in man-vector contact may be achieved by application of protective clothing, insect repellents, bed nets, insecticides or environmental management 16 .
The effect of malaria interventions across the varied epidemiological settings of Africa remained poorly understood owing to the absence of reliable research on the disease pattern. The National Malaria Control Program (NMCP) and the Ghana Health Service have focused on identifying the strategies to achieve relatively high coverage of malaria interventions including distribution of Long-Lasting Insecticidal Nets (LLINs), Indoor residual spraying (IRS), and Intermittent Preventive Treatment in pregnancy (IPTp) coverage. Despite these efforts to completely control the disease, malaria has remained the leading cause of mortality and morbidity in Ghana.
According to a study 17 . Meanwhile, the insecticide treated nets have proven to be the best option for malaria prevention. In a study 19 , it was reported that due to socioeconomic reasons, the ITNs are put into other uses such as nursing of seedlings, protecting chickens, fishing, and fencing of animal pens in the northern regions. However, with all these control measures, malaria has remained the leading cause of Jehsd.ssu.ac.ir 672 morbidity and mortality. It was also responsible for the large burden on the country's health system 20 . Despite the efforts made by the government of Ghana in the semi-arid zones, characterized by its poor rainfall nature, the Upper West Region is still among the poorest and weakest areas in terms of malaria burden 21 . Available statistics shows that the region recorded the highest number of malaria cases of about 51 per cent among children aged six to 59 months and the highest case fatality rate of about 0.69% in the 1st quarter of 2016 22, 23, 20 affirms that the poor are the most affected because of the socio-economic constraints they are faced with, which together with culture and traditions affect the way people perceive the disease regarding its cause and possible treatment. The disease has induced huge economic losses due to ebbed productivity of victims to the tune of hundreds of millions of Dollars, intense morbidity due to chronic disfigurements as well as social stigma on patients. Malaria mapping is centered on the fact that malaria vector is distributed unevenly both within and between places and therefore exhibits spatial variation 24 . The degree of malaria infestation in the upper west region varies from district to district and even from places to places. In Ghana, the nonexistence of extensive spatial malaria maps makes it difficult to optimize the scarce resources in achieving targets during the control programs 25 . This spatial attribute of malaria infestation across the districts necessitates the need for assessment regarding the changes of malaria transmission, identification of malaria epidemics' areas, and periods with a higher risk using different scales 26 .
The spatial mapping will assist in the public health planning and provides timely answers to a diverse range of questions related to the key goals of efficiency, effectiveness, and equity in terms of the provision of services 27 . Considering the various factors that influence transmission of vector-borne diseases such as malaria, which include environmental and geographical indices and the need to generate useful data on the disease distribution, we targeted at mapping and describing the transmission pattern of malaria in order to identify the high-risk zones of the infection in Upper west region of Ghana, which lies in the semi-arid zone.
Materials and Methods

Profile of the study area
The study was conducted in the Upper west region located in the northwestern corner of Ghana with Wa as its regional capital. Wa is the smallest region in Ghana and covers a geographical area of 18,476 sq.km representing 12.7 percent of the total land area of Ghana. The region is located between latitude 9.8°-11.0°N and longitude 1.6°-3.0° W. Majority of the economically active group work in peasant farming agriculture. The region is located on the guinea savannah vegetation belt. The vegetation consists of grass with scattered drought resistant trees such as the Shea, the Baobab, Dawadawa, and Neem trees. The heterogeneous collection of trees provides all domestic requirements for fuel wood and charcoal, construction of houses, cattle kraals, and fencing of gardens. The shorter shrubs and grass provide fodder for livestock.
The region experiences two climatic seasons: the dry and the wet seasons. The wet season commences from early April and ends in October. The dry season, characterized by the cold and hazy harmattan weather, starts from early November and ends in the latter part of March when the hot weather begins with intensity; this is actually the time of the onset of the early rainfall in April. The minimum temperature of the region is 15℃ at night during the harmattan season, while the maximum temperature is 40℃ in the day during the hot season.
Upper west region has eleven administrative districts with a total population of 576,583, which contains 47.9 percent of male and 52.1 percent of female individuals. The region has ten hospitals, 60 health centers, one health post and three maternity homes. Wa municipality has the highest proportion of the health facilities with about 32.4 percent, while the other health centers are fairly distributed among the other districts. The major malaria transmission pattern in the Upper west is between 6 to 7 months, 
Data collection and analysis
The monthly malaria cases in each district of the upper west region for the seven years period (2010-2016) were obtained from the Upper West Regional Health Directorate. The yearly malaria cases for each of the administrative district were calculated. Projected population for the years 2010-2016 obtained from Ghana Statistical Service was also used for the computation of the malaria incidence. To obtain the incidence rate over the years of study, the average population was computed for each administrative district.
The Shape Thematic Map of the 11 local administrative districts of Upper West Region were created using GIS from the Geometric department of KNUST. Thematic mapping was applied to display the spatial variation according to the districts' area and to present a visual display of seasonal variation in malaria incidence. Thematic maps were created in Arc view GIS version 3.1 (ESRI). Mapping was based on the incidence rate of malaria of the 7-year period (2010-2016). Later, we entered the data of the reported malaria cases and administrative district population into the MS Excel (Version 2010) and linked them to the Arc view. In this process, we aggregated the data based on months and seasons. Furthermore, we displayed the analyzed information at the districts' spatial levels. The mapping technique used was the graduated colour map using the natural break classification method. This enabled the modeling of spatial patterns of malaria incidence and classified the observed malaria incidence under four case levels of very low, low, high, and very high with natural break ranges for each case level.
Ethical issues
A special malaria data requisition letter was written to the Regional Health Directorate in the Upper West region of Ghana. Cognizance of the privacy, confidentiality, and anonymity right of the research participants was greatly considered by the researchers during the extraction of the data from the database. So, participants' names were not included in the extraction data.
Results
Malaria profile in Upper West
Within the seven-year period of study, a total of about 6,179,171 cases of malaria were reported in the upper west region; with incidence rate of 14.64 cases per 10000 population. The results showed that Wa municipality had the highest number of malaria reported cases (n = 1342286 (21.72%)); whereas, Daffiama-Bussie district had the lowest rate (n = 261847 (4.24%)).
The thematic map in figures 1, 2 shows the malaria incidence rate per 10000 populations for each of the districts of the Upper West region of Ghana. Out of the 11 districts only three (i.e. Wa, Nandowli-Kaleo, and Nandom) had an average incidence rate in the range of 1.48-1.98 per 10000 population. Only Wa east district had an average incidence rate of 0.637-0.895 per 10000 population. The highest annual rate of malaria incidence over the study period was recorded as 1086175 cases (17.58%) in 2013 within a total population of 744821. The lowest reported annual incidence rate of malaria was in 2010 with 587024 (9.50%) out of a population of 702114. The related information is shown in Table 1 .
Seasonal incidence rate of malaria
The highest proportion of the malarial cases was reported in the wet season: between April and October (n = 3804583, 61.57%). The number of malaria cases in the dry season, that is between November and March was 38.43 percent. We found that over the period of study, the highest rate for the disease cases was reported in October, i.e., 11.19 percent, whiles the lowest number was recorder in April (6.45%).
Spatial Distribution of Malaria in the Semi-Arid Zone of Ghana
Magna EK, et al. (4), Issue (1), March 2019, 670-7 Jehsd.ssu.ac.ir 674 Figure 1 showed a very high malaria infestation in the three administrative districts of Wa, Nandowli-Kaleo, and Nandom. These patterns suggest the occurrences of similar disease risk factors during the time of study. Wa east and Wa west had very low malaria infestation during the period of study. The map can help the health officials and policy makers to detect the vulnerable geographical areas and to conduct educational interventions in them. The highest and lowest malaria cases recorded over the study period were in 2013 and 2010, respectively. The highest proportion of malaria infestation was in the wet season, from April to October. The study showed that the highest incidence rate of the disease occurred in October (11.19%) during the study period. The highest incidence rate was during the October, which could be due to the climax of rainfall regime, crops growth, and thick vegetation cover during this period, which provided a suitable environment for breeding mosquitoes. The seasonal pattern indicates the gradual rise in the incidence rate from May to October, which declines rapidly to a rate of 6.45 percent per annum in April.
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The overlay of vegetation on the incidence map did not represent a visually remarkable pattern. So, it did not really influence the transmission greatly. However, the highest incidence over the period was recorded within the grassland with scattered trees (0-5 trees/ha) and areas of widely opened cultivated Savanna woodlands (6-10 trees/ha) as shown in Figure 2 .
Conclusion
The study used thematic maps to provide a visual display of malaria incidence in the Upper west region. This procedure provides the authorities the required information to conduct accurate, timely, and cost-effective intervention programs during the disease monitoring. We found that Wa municipality had the highest number of malaria reported cases; 1342286 (21.72%) and Daffiama-Bussie District had the lowest number; 261847 (4.24%) during the period of study. The study also revealed very high rate of malaria incidence (1.48-1.91) per 10000 in Wa, Nandowli-Kaleo, and the Nandom. This pattern suggests the occurrence of similar risk factors in the district at the time of study. The highest proportion of the malaria infestation occurs in the wet season from April to October. It is also worth noting that the highest incidence rate of the disease was recorded within the grassland with scattered trees (0-5 trees/ha) and areas of widely opened cultivated Savanna woodlands (6-10 trees/ha).
Health education to improve the individuals' knowledge of malaria, attitude, and environmental hygiene information must be promoted in the area. The study also recommends disease surveillance interventions to procure a reliable data for malaria management. Efforts should be made to further extend the distribution of mosquitoes treated nets to the areas with very high incidence in the Upper west region of Ghana.
